This study investigated several extraction methods for proteins from the leaves of 
From the physical observation, the colour of protein solution from the solvent based extraction was darker (yellowish), and therefore it might contribute to the higher crude protein content. This is because plant pigments could interference the absorbance value, thus contributing to false positive result. Eze and Dumboff [30] reported that the addition of chlorophyll extract to the standard protein solution could increase the absorbance reading, nearly 20% in the Bradford assay. Therefore, it is noticed that the more colour intense protein solution or pellet, the higher crude protein content will be determined in the Bradford assay.
Protein quality based on electrophoretic gel
Although solvent based extraction produced the highest crude protein content, there is no major protein band was detected in electrophoretic polyacrylamide gel. The observation could be attributed to the high polyphenols and/or plant pigments contamination since the protein solution was yellow and solvent based extraction was less effective to remove the contaminants from the fibrous leaves of F. deltoidea. Therefore, solvent based extraction was unlikely to be suitable for protein extraction from the plant.
The molecular sizes of proteins extracted from the leaves of F. deltoidea using different extraction methods are listed in Table 2 . Among the extraction methods, TCA-acetone and modified TCA-acetone were found to be less effective to obtain high number and quality of proteins. Only 9 and 6 protein bands are observed on the gel for TCA-acetone and modified TCA-acetone methods, respectively as presented in Fig 1. The repeated steps of grinding and rinsing in the modified TCA-acetone method resulted the loss of protein number from 9 to 6 protein bands, especially lower molecular weight of proteins. The resolution of protein bands from the TCA-acetone method showed smearing effect and light bands. This method might be more suitable for young growing vegetative tissue with less contaminants for co-extraction.
Possibly, the incomplete re-solubilization of protein pellet in the sample buffer for electrophoresis. It is known that the major problem of TCA-acetone precipitation method is resolubilization of precipitated proteins [29] . Similarly, phenol based method exhibited distortion bands and smearing effect on the gel. This could also contribute by contaminants pipetted from aqueous phase because no clear phenol phase separation was observed, even though sucrose was added into extraction to assist phase separation. Anyhow, phenol based extraction was found to be better than TCA-acetone method because higher protein number (13 protein bands) with good resolution of protein quality on the 12 % polyacrylamide gel. The use of larger ratio of sample to extraction buffer (1000 mg: 15 ml extraction buffer) and additional rinsing steps by chilled methanol in the modified Tris buffered phenol method further improve the quality of the gel image with more intense protein bands (Fig. 1) . The larger ratio of sample to buffer might increase the efficiency of protein extraction and the additional rinsing by methanol to remove phenolic compounds could increase the purity of extracted protein for electrophoresis.
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The hybridization of TCA-acetone and phenol-SDS was found to improve the number of protein bands significantly. There are 22 protein bands on the gel as presented in Fig.1 . Proteins were resolved into distinct bands that extended a broad range of apparent molecular weight from 8.20 to 113.48 kDa. The procedures of TCA-acetone precipitation could eliminate phenolics, lipids and pigments, while phenol based extraction further reduced the contamination of polysaccharides, nucleic acids and salts. Hence, TCA-acetone precipitation can always be used as the starting protocol for plant protein extraction for the removal of pigments, lipids and phenolic compounds, and followed by selective protein dissolution to discard the remaining impurities such as carbohydrates, nucleic acids and salts. In good agreement with Saravanan and Rose [15] who suggested TCA-acetone and phenol based method can be applied to extract protein from a wide range of tissues with high efficiency of contamination removal. This method is also recommended for downstream process which requires high quality protein such as gel electrophoresis and liquid chromatography tandem mass spectrometry analysis.
Effect of pH for Tris buffered phenol on protein extraction
The effects of pH in Tris buffered phenol solution on plant protein extraction were also investigated since different pH values were applied in many previous studies. Significantly, the pH of Tris buffered phenol exhibited a remarkable effect on the efficiency of plant protein extraction in terms of protein yield and quality. The higher volume of extraction buffer (15 mL) appeared to produce lower protein concentration with lower standard deviation of triplicate data as presented in Table 3 . Although 3 mL of Tris buffered phenol produced higher protein content, the standard deviations of the results are also higher than those results from higher volume of extraction buffer. Furthermore, the protein pellet was yellow in colour. Therefore, the higher protein concentration in the 3 mL of extraction system might be due to the contamination from plant impurity that leading to higher concentration of crude protein content. The resolution of protein bands on the gel at pH 8.0 was found to be better than the other pH values as presented in Fig. 2 . It is clear that less background interference at pH 8.0 for plant protein extraction from the leaves of F. deltoidea. The smaller volume of extraction buffer (3 mL) was found to produce poor resolution of 12 % polyacrylamide gel (Fig. 2) . The observation supports the explanation of higher crude protein content which is attributed to the higher contamination of plant impurity in the 3 mL Tris buffered phenol system. The optimum value of pH 8.0 differed from the result reported by Isaacson et al. [16] who reported that protein could optimally be extracted from maize root, orange peel or tomato leaves at pH 7.5. Another study conducted by Tsugama et al. [29] agreed that the optimum pH was between 8.0-8.5 for protein extraction from recalcitrant plants such as banana (Musa spp.), apple (Malus domestica
